This paper documents changes in the wage structures in eight EU countries over the period 1995-2002. Using comparable cross-country microeconomic data we compute, at each decile of the wage distribution, the part of the observed wage changes that is due to changes in the composition of workers' and jobs characteristics and the part of wage changes that is due to changes in the returns to these characteristics, i.e. the composition and price component of wage changes. We find that the "price components" explain a large part of the wage changes in most of the countries in our sample. We investigate to what extent international comparisons of these two components of wage adjustments can shed light on the main patterns of medium-run trends in wage adjustments.
Introduction
One of the most recurrent themes in Labour Economics is about the determinants of relative wages, wage inequality and, in general, the wage structure. Over the last two decades, studies on these topics have proliferated taking advantages of the wealth of microeconomic data sets that are becoming available, including those that contain matched employer-employee characteristics.
This literature has provided relevant insights on the reasons for wage differentials among workers of different skills (i.e. returns to education, etc.), among similar workers performing different jobs (i.e. compensating differentials), theories of wage determination, the impact of labour market institutions on the wage structure, the nature of complementarities among production factors, or, most recently, wage dispersion within firms of some particular characteristics.
1 From a macroeconomic viewpoint, the way wages adjust to aggregate developments has important implications. First, given that the degree of inertia of nominal wages is an important source of price sluggishness 2 and that relative wage adjustments may affect marginal costs, price setting and inflation persistence are not immune to changes in the wage structure. Secondly, wage rigidities generate unemployment and inflation persistence, with implications for the optimal design of monetary policy. 3 Moreover, macroeconomic shocks do not only affect the levels of aggregate labour market variables (labour demand and labour supply) but also their composition (geographical, skills, etc.) . Finally, relative wage rigidities may have different sources, although most of them are thought to be derived from labour market institutions generating non-competitive forces in wage determination.
For instance, in a competitive labour market, with perfect labour mobility, relative wages only reflect (among homogenous workers) compensating differentials and (among workers of different skills) productivity differentials. However, the fact that there exist sizeable wage differentials across workers of similar characteristics in different jobs (sectors, regions, etc. ) and 3 that these differentials are relatively stable through time and across countries is typically interpreted as the result of non-competitive features of the labour markets, such as efficiency wages (Krueger and Summers, 1988) or rent-sharing. Thus, changes in these differentials are usually read as changes in the degree of competition of the labour market (see, for instance, Saint-Paul, 2005, Koeniger, Leonardi and Nunziata, 2007) .
Despite the growing empirical literature on wage structure, there is no systematic accounting of cross-country differences in changes in the structure of wages in EU countries over the past decade. 4 In many EU countries over the last decade, there have been substantial labour demand shocks, as derived, for instance, from technological change and globalisation, and significant labour supply shocks, as those coming from demographic trends like immigration, population ageing and changes in female participation and in the composition of the labour force by educational levels. Deregulation in product markets and labour market reforms have also been prevalent, affecting the way labour markets operate. These developments have possibly changed national wage structures. A cross country comparison of these changes can indeed help to identify labour market rigidities. In this context, cross-country comparisons seem very informative on the consequences of recent macroeconomic developments.
International comparisons of changes in the wage structure face one main difficulty: the lack of comparable cross-country microeconomic data that could allow the computation of wage variables controlling for workers and job characteristics. Without a proper accounting of the impact of these characteristics, cross-country comparisons of wages are contaminated by employment compositional effects that blur the observation of the adjustment of wages to macroeconomic shocks and institutional changes.
The contribution of this paper is twofold: i) to provide a measure of changes in wages that is "purged" of employment composition effects and is comparable across countries, ii) to relate this measure of wage adjustment to some features of the national labour markets and the observable shocks that could have produced those changes, in an attempt to shed light on the main patterns of medium-run trends in wage adjustments. We do so using data from the Structure of Earnings 4 Recent work on wage differentials for European countries includes several papers produced within the Pay Inequality and Economic Performance project (PIEP) which used 1995 data (see Marsden, 2005) . Currently, several studies within the Wage Dynamic Network analyse relative wages across industries using 1995 and 2002 data. Du summarise the WDN evidence on industry wage differentials for a sample of 8 EU countries.
Survey, for which two waves are available for most European countries, usually 1995 and 2002.
Thus, we are able to compute changes in the wage structure over this period for eight EU countries. For that, we estimate Mincerian (quantile) wage regressions, and, using Machado and Mata (2005) procedure, decompose wage changes at each decile of the wage distribution in two components: i) changes in employment composition and ii) changes in "returns". Then, we interpret these changes in returns in the light of the most relevant macroeconomic and labour market trends in each country.
We document that, although in most of these countries wage dispersion increased (mostly at the upper part of the distribution), the magnitudes of these changes are very heterogeneous. Our results highlight the importance of the part of the change in wages that is due to changes in returns to workers and job characteristics (conditional on characteristics), in contrast with the changes in composition of the labour force that have been found relevant for the US in recent literature (see Lemieux, 2002 Lemieux, , 2006b ). The effects of changes in returns are positive for all the countries of our sample, while compositional effects are mostly negative. For example the decrease in real wages observed in Spain in the intermediate quantiles and, to a larger extent in Germany in the lower quantiles, is due to compositional effects, stemming from workers' characteristics in the case of Spain and from job characteristics in the case of Germany.
The paper has the following structure. Section 2 provides some background information on recent macroeconomic and labour market trends in EU countries. Section 3 describes the data that we use for the analysis and reports some facts. Section 4 presents the methodology and main results regarding the measurement and decomposition of changes in wage structures in EU countries. Section 5 interprets these changes in relationship with institutions and macroeconomic and labour market trends. Finally, Section 6 concludes.
Changes in the wage structure, macroeconomic and labour supply trends, and institutional reforms in the EU: A preview
The wage distribution in most OECD countries has been widening since the 1980s. This trend is often associated to the impact of skill-biased technological progress and to complementarities between new technologies and human capital. Part of the empirical debate is about the nature, causes and timing of increasing earnings inequality in the US, with some authors claiming that it was due to a one-time event associated to changes in labour market institutions (deunionisation, changes in the minimum wages) and compositional effects, while others claiming that it has continued throughout the 1990s and 2000s and was due to skill-biased technological change. 5 As for Europe, conventional wisdom was that changes in the wage structure have been less acute and that this lack of wage flexibility, originated in labour market institutions prone to wage compression, explained the increase in unemployment among unskilled workers in the 1980s and early 1990s (Krugman, 1994) .
In this literature, changes in wage structure are typically assessed by looking at the relationship between wages at several deciles of the earnings distribution. Table 1 compiles some of these statistics for the countries and period of interest in this paper. Data comes from OECD.
According to this data, wage structures have widened, as indicated by the increase of the ratio of the 9 th to 1 st decile, in all countries, whit two exceptions: Ireland and Spain. Most often, this increase took place at the upper half of the distribution (the ratio of the 9 th to the 5 th decile increased in all countries in the sample, while the ratio of the 5 th to the 1 st decile decreased or remained constant, with the exceptions of Germany and Hungary). This widening of the wage structure took place at the same time that a reduction of the gender wage gap (the ratio of female median wages to male median wages increased) and an increase in the weight of female employment, while average wage growth was rather heterogeneous across countries (see Tables   1 and 2 ).
Besides the changes in employment composition by gender, labour supply and demand in European countries were subject to some other transformations due to medium term trends (ageing, increasing weight of services in employment, etc.) or new developments (increasing immigration flows). As seen in Table 3 , the share of young workers in total employment is falling in most countries, while the share of workers close to retirement is increasing. The fall in both male and female unemployment rates is plausibly a source of significant compositional effects in terms of workers skills and sectoral employment composition.
As for macroeconomic trends, besides technological changes, there have been substantial transformations in European labour markets since the mid 1990s. The most evident is monetary integration, but other forces increasing competition and international mobility of production factors have also been noticeable. Table 4 gives some indication of these changes across countries by reporting the change in a globalisation index, computed from data on goods and capital flows (international trade, FDI, portfolio investments and income payments to foreign nationals) and restrictions (import barriers, tariffs, taxes on international trade and capital account restrictions), 6 and the proportion of foreigners in the labour force. As seen in Table 3, all countries have experienced an increase in their international exposure, as indicated by the increasing trend in globalization and the rise in the weight of foreigners in the labour force. The largest increase in globalization took place in Austria, Czech Republic, Finland, Germany, Poland and Spain, while the largest increase in migration inflows took place in Greece, Portugal, Spain and the UK.
Facing these changes, European product and labour markets have been under stress, and regulatory reforms have been high in the political agenda. As seen in Table 5 , at the mid 1990s there was substantial cross-country heterogeneity in labour and product market institutions in EU countries and, although the process of reform has reduced this heterogeneity to some extent, not all the countries have progressed at the same pace. According to the intensity of reform indicator by Brandt, Burniaux, and Duval (2005) , which measures the proportion of a maximum score associated to the situation recommended by the OECD Jobs Strategy and that, conveniently, is close to the ideal of labour market competition, the leaders are Denmark, Finland, the Netherlands, Germany and Belgium, with Italy, Greece, Ireland, France and Spain lagging behind. Allard (2005a) . This series uses the OECD methodology generating an index increasing on the range {0,5}. The series describing unemployment benefits is a new indicator which combines the amount of the subsidy with their tax treatment, their duration and the conditions that must be met in order to collect them, by Allard ( . The OECD reform intensity indicator is from Brandt, Burniaux and Duval (2005) .
In section 5 we relate these developments in labour and products markets to the changes in wage structures; for that we need to compute a measure changes in wage compatible across countries and cleaned of compositional effects.
Data and descriptive analysis
The analysis in this paper uses micro data from the Structure of Earnings Survey (SES henceforth) of eight countries. This is a survey at the firm level, that involves interviewing a large sample of firms randomly selected from the Social Security General Register records or similar firm registers in the country, and obtaining information on both the firm as such and a random sample (ca. 20%, depending on the size of the firm) of their employees. Information obtained about the workers includes several measures of the pay and hours of work, age, gender, and educational attainment and some characteristics that are job specific as type of contract, sector, and occupation. Information obtained about the firm includes number of employees, whether it is privately owned, the nature of the pay bargaining regime etc. The SES is uniquely suitable for our study as (i) is comparable across countries: this survey has been run by the national statistical office of 20 European countries on comparable basis, first occasionally and now every four years. Currently two harmonised waves exist, 1995 and 2002, with some exceptions. (ii) The SES is a matched employer employee data and, therefore, will allow us to control for individual, job-specific and firm-specific features when estimating a comparable measure of (residual wages) and "conditioning out" composition effects from both workers and firms. (iii) The data is collected at the firm level, which gives us more accurate information on pay and earnings, variables that are usually very noisy in household surveys.
Not all the data for EU countries and waves are made available for research. So far, we have been able to gain access to data for eight countries (Belgium, Germany, Greece, Hungary, Ireland, Italy, the Netherlands, and Spain).
7 After excluding outliers, workers with missing/not 7 Results for Greece have been borrowed from " Christopoulou & Kosma (2008) , which is also a WDN research paper, follows the same methodology and uses same data and codes as this paper. Estimations for Italy, Ireland and Spain were done at the Safe Center in Eurostat and the ones for Germany via remote access at Statistics Germany. Philip Du Caju (NBB), Steven Poelhekke (DNB) and Gabor Katay (MNB) were kind enough to run our codes on the Belgian, Dutch and Hungarian SES data available at their respective national central banks.
accurate observations for some relevant variables, and those in sectors that were missing for most of the countries and or waves (mainly education, health and recreational activities), we end up with the country-samples sizes shown in Table 6 . The information available in the SES allows us to construct detailed measures of earnings including or excluding several kinds of complements. For the analysis in the present paper we have used 3 different measures of wages: basic hourly wage excluding payment for overtime, hourly wage including regular bonuses and payment for overtime, and hourly wage including irregular bonuses and other complements. The results of our analysis remain basically unchanged across wage measures, therefore we only show here results for hourly wage including regular bonuses and payment for overtime. We choose this variable for the sake of comparability with other SES studies that have also used it, and because we can construct it for practically all the countries and waves of our sample.
8 Figure 1 summarizes the changes in the wage distribution from the two waves of the data and the eight countries of our sample (and our measure of wage). It displays (log) real hourly wages by decile. The patterns of changes across countries look rather heterogeneous. We will attempt to identify patterns between countries using three different criteria: the direction of wage changes (increases/upwards or decreases/downwards), the magnitude of wage changes, and the shape of the shift in the wage across deciles.
The magnitude of changes differs considerably across countris, the countries with the smallest movement in the wage distribution are Spain, where changes range between -0.04 and 0.03 log points, and Germany, with a similar range of wage-changes (excluding the one at the 10 th decile).
In Belgium and Italy, wages also have been relatively rigid (wage changes range generally lower than ±0.1 log points). In contrast, the most remarkable shift in the wage distribution has taken place in Ireland, where pay changes appear consistently positive and larger than in any other country, a result reflecting Ireland's "golden age". Positive and large wage changes also took place in Hungary, one of the new and fast-growing EU-members, but with bigger variability across deciles. Greece and the Netherlands show minimal wage changes in the lower deciles, while larger changes take place at the higher deciles. Belgium, Germany and the Netherlands, where wage changes trend upwards across the distribution whit the consequent spreading of the wage distribution. . Table 7 takes a step further to contrast changes in measures of wage inequality across countries.
It reveals patterns that were expected from the description above and broadly confirms (except for Hungary) the tendencies observed in the macro data ( Table 1) . As expected, the five countries where changes in the wage distribution follow an upward-trending pattern are the ones that experienced a widening in the wage distribution as indicated by the increase of the 90 th to stemming from wage changes at the lower deciles. 
Accounting for observed wage changes
We now proceed to measure the different sources of changes in observed wages, concretely the changes due to the different characteristics of workers and jobs and the changes in the returns to those characteristics. For this measurement we rely on the estimation of extended Mincer equations for log (real) hourly wages using quantile regressions, as follows:
where w it is the wage of individual i in year t, ) / (ln ' it it X w Q θ refers to the quantile of wages conditional on the vector of characteristics X it andϑ denotes the quantile. α is a constant, and ε is the stochastic error. The covariates, x jit , include workers' and job observable features (education, tenure, type of contact, sector, region etc., in most occasions captured by dummies).
To decompose observed wage changes, we use the procedure proposed by Machado and Mata (2005) , based on mean characteristics of the individuals who are in each of the quantiles of the wage distribution. Thus, taking averages by quantile and subtracting between two periods yields: From this, the wage change for each quantile can be decomposed as follows:
. This is exclusively due to changes in employer or employee observable characteristics if the returns to these characteristics would have remained unchanged.
• The returns effect: ) ( X . This is due to changes in the returns to the characteristics only. Specifically, under the assumption that the characteristics remained unchanged, this term includes changes in the constant (i.e due to changes in features common among all employees that have not being included in the regression (e.g. unobservable) and/or changes in the coefficients of the omitted dummies) and changes in the returns to the observable characteristics.
• An unobserved or residual component ) ( According to the results from this decomposition, composition effects dominate over the returns effects in Italy (positive), except for the highest deciles. In Germany, composition effects are dominant mainly for the middle and lower deciles (negative), and, in fact, they are accountable for the overall negative wage-changes observed at the lowest deciles. In both cases, composition effects due to job characteristics are the ones that dominate. To a lesser extent, negative compositional effects dominate over returns effects in Spain at the middle quantiles, resulting in negative (almost zero) overall changes in those quantiles.
As for returns, they had on aggregate a positive contribution to the changes observed in wages, being positive for all the countries of our sample, except for Italy in the three lowest deciles. In
Hungary and Ireland, the countries where higher wage changes took place, the returns component seems to be the dominant one along the whole distribution. This holds for the overall sample and for the gender sub-samples. In the case of Ireland these effects are higher at the lower deciles of the wage distribution, hinting a catching up process in returns to characteristics (see Figure 3a) . This is also the case for Hungary, although the shape of the changes due to returns is "U-shaped", with the returns effects increasing significantly also at the highest deciles, while the intermediate deciles are those for which returns to characteristics increase less . In the Netherlands, the returns effects are sizeable and quite uniform across deciles in the three samples (total, male and female). They are larger than composition effects, except in the lower deciles.
Similarly, returns effects dominate also in Greece, in this country only for the females subsample. In Figure 3 , where only returns effects are plotted, it can be more easily seen that while in Ireland and the Netherlands, returns effects did not contribute to increasing inequality, the contrary happened in Belgium, Germany, Greece and Italy, while in Hungary and Spain they contributed to increasing wages at the two extremes of the distribution by more than they did at the middle. Table 9 reports the mean observed wage changes and mean changes in returns (including the residual component) among countries, in three segments of the wage distribution, the three lowest, middle, and top deciles (conditional on country effects). While for observed wages, regardless of the sample used (all, males, and females) the changes are increasing along the distribution, once compositional effects are "purged out" there is clear evidence of some "polarisation" in the distribution of wage changes, with highest increases at the three lowest and the three top deciles. Finally, Tables A1 and A2 in the Appendix provide a detailed accounting of the several components of wage changes, highlighting some of the changes in return effects, namely, those due to education, sectors, and occupations. Changes in the returns to education are overall positive along the whole distribution, with the only noteworthy exceptions of Hungary and Italy, at the lowest deciles, and Spain, along the whole wage distribution. In the countries with rising returns to education, the changes are roughly similar for all the deciles, except in Italy, where the increase in the returns to education was much higher at the top of the wage distribution. Also, they have been generally higher for males than for women. 
Explaining changes in the wage structure
In this section we make an attempt to relate the several components of wage changes to some developments and changes in labour market and institutions. First, we look at the overall returns effect and then at the returns effects due to certain variables of interest, in particular, education, to evaluating the relevance of changes in return to skills and technological changes. For this we rely on some of the indicators of macroeconomic trends and labour market institutions described in Section 2.
Typically, in international comparisons of changes in wage structures, the number of countries for which data are available, is much lower than the number of potential candidates to explain changes in some single indicators of wage dispersion. We face more or less the same problem Some results are displayed in Tables 10 and 11. As for the simplest specifications that do not allow for different impact by decile (see Table 10 ), we obtain that unemployment and immigration changes are negatively associated and total factor productivity changes are positively associated with observed wage changes, while there is no significant statistical association between observed wage changes and the change in the globalisation index. With regards to changes in returns, two important differences are noteworthy. First, the change in the globalisation index is positively associated with changes in returns. Secondly, the coefficients of the decile dummies display a U-shaped pattern, with larger increases at the two extremes of the distribution, while in the case of observed wages these coefficients were always larger as moving upwards in the wage distribution.
When allowing for differential impact of variables by deciles (see Table 11 ), we find that changes in immigration are more negatively associated with observed wage changes at the top of the distribution, namely at the intermediate and upper decile, than at the lower deciles. Similarly, changes in the globalisation index are more positively associated with observed wage changes at the top of the distribution than at the lower deciles. Once we condition out the composition effect and look exclusively to changes in returns, the coefficients of both immigration and globalisation are uniform across deciles.
The coefficients of change in the contribution of ICT capital to GDP growth form a U-shape across the distribution; the two variables are positively associated with wage changes, with a larger coefficient at the top and bottom of the distribution. This hold both for the observed wage changes and for the changes in wages once the compositional effects have been conditioned out.
When looking at institution, our preliminary results suggest that there is a negative relationship between changes in union density and changes in wages (both observed and due to changes in returns) and this relation is uniform across the wage distribution.
As for changes in returns to education, an interesting result arising here is that there seems to be some complementarily between human capital and technological variables. Both the change in Total Factor Productivity and the ICT capital contribution to GDP growth appear with negative coefficients at the lower end of the wage distribution, switching to positive when moving towards the upper end. 
Concluding remarks
In this paper we document changes in the wage structure of eight EU countries over the [1995] [1996] [1997] [1998] [1999] [2000] [2001] [2002] . Apart from using cross-country comparable data on wage variables and workers and jobs characteristics compiled with the same methodology, the main contribution of the paper is to disentangle the composition effects and the returns effects shaping those changes along the wage distribution.
Returns effects appear to explain a large fraction of the wage changes in most of the countries of our sample, suggesting that wage dynamics in these countries are driven by market forces and relative demand and supply. Germany and Spain are the only countries where compositional effects are somewhat larger than returns effects; in fact, they are accountable for the overall negative wage changes observed at the middle deciles in Spain and at the lower deciles in Germany.
Overall, there are relevant differences across countries regarding the size of wage changes and their components along the wage distribution. We have related these differences to some demographic, macroeconomic, and institutional variables. Our preliminary results, tentative until we are able to extend the sample size with more countries, show that: i) the relationships between these variables and wage changes differ among alternative measures of wage, namely between observed wage changes and the returns components of those changes only, indicating that composition effects may blur the identification of the driving forces of wage changes, and ii) the wage structure of EU countries seems to have responded to some extent to demand and supply changes indicated by aggregate measures of demographic and macroeconomic variables,as well as changes in institutions.
APPENDIX Decomposition of observed wage changes in returns and composition effects.
Detailed results Table A1a 
